Background: One of the adverse effects following cardiac surgery is cognitive dysfunction. The prevalence of cognitive dysfunction after heart surgery is reportedly 30% -80%. Objective: The purpose of this study was to evaluate the prevalence and risk factors of cognitive dysfunction in the ICU after heart surgery. Methods: In this observational study, 99 adult patients who underwent elective cardiac surgery (valve and coronary) in a tertiary university hospital were examined. The cognitive state of the patients in the ICU 2 or 3 days after the operation was assessed using the MMSE scale. Perioperative predisposing factors were simultaneously considered.
Background
One of the adverse effects following cardiac surgery is cognitive dysfunction. Cognitive dysfunction comprises different levels, namely mild, moderate, and severe. Mild cognitive dysfunction is a slight decrease in recognition or executive actions with partial defects that may appear in various forms, which are apparent through objective evidence. For example, patients may get lost when going to an unfamiliar place. Their colleagues may notice a decrease in performance in detailed jobs. Patients may also have difficulty finding words and remembering the names of people. Concentration defects, which have been identified in clinical trials, may include the tendency to forget what has just been said and to repeat words (1) (2) (3) (4) (5) (6) . Moderate cognitive dysfunction is the state of slowly regaining consciousness after cardiac surgery, which can continue for several days. These patients wake up from anesthesia later and are often restless. Recovery occurs during the first week after surgery (1, (7) (8) (9) (10) . The prevalence of cognitive dysfunction after heart surgery is reportedly 30% -80% (8) . Severe cognitive disorders include delirium, dementia, and Alzheimer's disease. Delirium after surgical procedures is the most serious and most severe cognitive disorder, and can be associated with significant morbidity and mortality. The diagnosis of cognitive dysfunction is mostly limited to reactions that occur in the first 2 to 5 days after surgery (11) (12) (13) (14) .
Several factors affect the incidence of cognitive dysfunction. For example, patients undergoing heart surgery are at high risk for cognitive dysfunction. Age is also one of the main causes of cognitive dysfunction. Generally, age, comorbid diseases (such as thyroid disease, diabetes, hyperlipidemia, and hypertension), operation history, history of drug consumption, time of intubation, type of operation (valve replacement or coronary surgery), types of drugs for anesthesia, electrolyte disturbances (blood urea nitrogen, creatinine), inotrope drug consumption before and after surgery, use of intra-aortic balloons after surgery, and hypoxemia comprise the risk factors for cognitive dysfunction (1, 7, (15) (16) (17) (18) (19) (20) (21) (22) (23) .
Patients undergoing cardiac surgery are at high risk for cognitive and functional defects. Postoperative cognitive dysfunction is associated with higher medical costs, longer hospital stays, a greater likelihood of referral to long-term care facility centers, inappropriate improvement, and death (3, 5, 6, 10, 24, 25) . As a result, early diagnosis can decrease the duration of hospitalization and ICU stay, reduce morbidity and mortality rates, minimize the risk of infection, and lower costs.
Objectives
Today, the attention of researchers investigating the prevention and treatment of cognitive dysfunction has focused on the identification of risk factors. Prevention should take place on two levels: primary prevention (i.e., the reduction of risk factors) and secondary prevention (i.e., the early diagnosis of cognitive dysfunction). Because nurses are in frequent contact with patients, they can play an essential role in the prevention, diagnosis, and treatment of cognitive dysfunction. The aim in this study was therefore to examine the prevalence and risk factors of cognitive dysfunction in the ICU after heart surgery.
Methods
This observational study, which was carried out in 2015, aimed to determine the prevalence and risk factors of cognitive dysfunction before and after cardiac surgery in the ICU in Rajaie cardiovascular, medical and research center (Tehran, Iran). After obtaining institutional ethical approval and patient consent, patients were recruited for the study according to the inclusion criteria. The patients' mental state was assessed using the mini-mental state examination (MMSE) questionnaire.
Patients
According to the study of Xu et al. (8) , the incidence of cognitive impairment after surgery is 33% -83 %. We considered a confidence interval of 95% (50% -60 %) and used online software (www.surveysystem.com/sscalc.htm) to calculate the sample size, which was determined to be 96. The final number of patients enrolled in our study was 99. The inclusion criteria were: adult patients aged 18 -70 years with left ventricular ejection fraction > 30%who underwent valve repair or replacement and coronary artery bypass grafting, elective operation, no history of cognitive disorders or dysarthria, and no intubation before surgery. The exclusion criteria were cardiac arrest during or after surgery, stroke or coma in the postoperative period, and prolonged (> 24 hours) intubation.
We recorded the patients' demographic and risk factors data and used the MMSE questionnaire to assess the cognitive status of the patients. The MMSE questionnaire consisted of 6 parts and 17 questions, with a total of 30 scores. The different fields of cognitive function included orientation, registration, attention and calculation, recent memory, language functions, and spatial thinking. As a rule, the score for mild cognitive dysfunction is 20 -24, moderate cognitive dysfunction is 11 -19, and severe cognitive dysfunction is 0 -10. The Persian translation of the MMSE questionnaire was validated and used by Sayedan et al. (26) 
Statistical analyses
The data were analyzed using statistical software SPSS Version 17.0 for Windows (SPSS IBM Inc. Chicago, IL). The K-S test was done on the interval data, and they were found to be normally distributed. The differences between the groups (no cognitive dysfunction, mild dysfunction, and moderate dysfunction) for the categorical variables were analyzed using a chi-squared or Fischer's exact test. The continuous data were compared by ANOVA and are expressed as mean ± SD. A P ≤ 0.05 was considered statistically significant.
Results
Based on the inclusion criteria, 99 patients were enrolled in and completed the study. Their demographic data are described in Table 1 . Although the frequency of cognitive dysfunction after cardiac surgery in this study was 44.5 %, the patients did not experience severe cognitive dysfunction in the postoperative period. The distribution of the severity of cognitive dysfunction after cardiac surgery is presented in Table 2 . We divided our patients into three subgroups: no cognitive dysfunction (n = 55), mild cognitive dysfunction (n = 39), and moderate cognitive dysfunction (n = 5). The demographic characteristics and risk factors of the patients in the three subgroups are summarized in Table 3 ANOVA was used to determine the relationship between cognitive dysfunction and the patients' quantitative characteristics. The results of the variance analysis showed no significant differences between hemoglobin levels, blood pressure and blood sugar before and after surgery, and duration of surgery among the subgroups. The results of this study also showed significant differences between the severity of the cognitive dysfunction and age (P = 0.011), literacy (P = 0.019), cardiopulmonary bypass (CPB) time (P = 0.002), and aortic clamp time (P = 0.001) ( Table 4) . The results of this study indicated that the only factors that had a significant relationship with cognitive dysfunction were education level, age, aortic clamp time, and CPB time. However, in the logistic regression analysis, only age was significantly related to the impairment of cognitive status (Table 5) .
Discussion
Our study had two objectives. In relation to the primary aim of the study, namely the frequency of cognitive dysfunction after cardiac surgery, the results showed that the majority of subjects in this study (55.5%) did not have cognitive dysfunction. Nevertheless, 39.4 % had mild cognitive dysfunction and 5.1 % had moderate cognitive dysfunction. It should be noted that none of the studied patients had severe cognitive dysfunction. Several studies about the incidence of cognitive dysfunction and delirium in Iran and other countries following surgery have been conducted. In the study by Xu et al. (8) in 2012 in China, the incidence of cognitive dysfunction was reportedly 33% -83%. A cohort study that was carried out by Saczynski et al. (2012) in England showed that 46% of patients had postoperative delirium (12) . The incidence of this cognitive disorder at 6 months after surgery was 40%, and 12 months after surgery, it was 30%. In a study conducted in Denmark by Funder et al. (4) (2009), the incidence of cognitive disorders after heart surgery was 30% -80% less than one week after surgery, and 10% -60% when measured 6 months after surgery. In a study carried out by the Saczynski et al. (12) in 2011, the incidence of cognitive disorders was 50% -70% after surgery. It should be noted that in all the studies, the MMSE questionnaire was used to determine the incidence of cognitive impairment.
In relation to the secondary aim of this study, which was to determine the risk factors of cognitive dysfunction after cardiac surgery, we found that not only does cognitive dysfunction after cardiac surgery have a significant relationship with drug consumption, but those patients who had not used drugs had less severe cognitive dysfunction. With respect to the relationship between education level and cognitive dysfunction, the chi-square test results showed that cognitive dysfunction was significantly associated with level of education (P = 0.019): the patients who had a higher education level had a lower severity of cognitive impairment after surgery. This finding is consistent the results of the studies by Saczynski et al. and Funder et al. (4, 12) .
We found no significant association between sex and cognitive dysfunction (P = 0.483), although Funder et al. showed that the incidence of cognitive disorders was higher in men than women (4). Conversely, in Saczynski et al.'s study (12) , the incidence was higher in women. The results of our study showed a significant relationship between age and cognitive dysfunction (P = 0.011). This finding corresponds with the results of several previous studies, such as those by Xu et al. (2013) and Hudetz et al. (2011) , which found evidence that cognitive dysfunction after surgery increases with age (8, 10) .
In terms of the relationship between cognitive dysfunction and the type of surgery, the results of our study did not correspond with those of Hudetz et al. (10) . In their study, a significant relationship was found between the incidence of delirium in patients with and without CABG surgery (P = 0.01), but in this study, no relationship was reported (P = 0.575). Our results on the relationship between aorta clamp time and cognitive dysfunction were similar to those of Xu et al. and Hudetz et al. (8, 10) .
In our study, there was a significant difference between the mean aortic clamp time and the patients without cognitive dysfunction, those with mild cognitive dysfunction, and those with moderate cognitive dysfunction, although those with moderate cognitive dysfunction had a higher mean aortic clamping time than the other groups. It can therefore be concluded that the risk of cognitive dysfunction increases concomitantly with an increase in aortic clamp time (8, 10) .
The results of this study indicated a significant difference in CPB time between patients without cognitive dysfunction, those with mild cognitive dysfunction, and those with moderate cognitive dysfunction. Patients with moderate cognitive dysfunction had higher CPB times than the other two groups. It can therefore be concluded that cognitive dysfunction increases with increasing CPB time. This finding corresponds with the results of Xu et al. (8) . Our results can be generalized to adult patients who undergo elective cardiac valve or coronary bypass surgery.
Conclusions
To determine the prevalence and risk factors of cognitive dysfunction after heart surgery, we assessed 99 patients who underwent cardiac surgery with admission to ICU. Our results showed that there was no significant relationship between cognitive dysfunction and gender, history of surgery, hemoglobin value before and after surgery, blood pressure before and after surgery, blood sugar before and after surgery, diabetes mellitus, and type and duration of surgery. However, cognitive dysfunction had a significant relationship with age, education level, CPB, and aortic clamp time. In the logistic regression analysis, only age was significantly related to impaired cognitive function.
Limitations
This was a single-center study and did not include emergent or complex cardiac procedures. Additionally, we only evaluated the early cognitive status of the patients; therefore, mid-and long-term follow-ups are needed for a better assessment of late cognitive impairment in this patient population. 
